Purpose: To evaluate the effect of balanced hypocaloric diet therapy on the anthropometric and basic metabolic indicators in obese women with infertility. Methods: The follow up interventional clinical study included 23 infertile women in reproductive age with grade I gluteofemoral obesity. All patients have prescribed a balanced hypocaloric diet (1200 kcal/day), underwent exercise and behavioral therapy. Before and after 12-month treatment, an anthropometric study was conducted, determining the level of metabolic and hormonal indicators. Results: The total final number of study participants was 20 patients. A decrease in body weight was achieved in 87% of patients from 4 to 24 kg, on the average, by 10.58 ± 5.70 kg, there was also a decrease in BMI from 32.53 ± 1.40 to 28.55 ± 2.50 kg/m 2 (p < 0.001). The decrease in body weight was accompanied by a statistically significant decrease in leptin levels (p < 0.001), E 1 (p = 0.049), E 2 (p = 0.032), fasting glucose (p < 0.001), HOMA-IR (p = 0.002), cholesterol (p < 0.001), TG (p = 0.004), LDL-C (p = 0.001), atherogenic index of plasma (p <0.001) and an increase in progesterone levels (p = 0.030). Ovulatory menstrual cycles were resumed in all women (p = 0.007) and pregnancy occurred within a year in 1 patient. Conclusion: The implementation of a hypocaloric diet for 12 months in infertile women with first-degree obesity helps to normalize metabolic and hormonal indicators, reduces body weight and restores ovulatory menstrual cycle in all patients.
Introduction
Currently, there is substantial evidence that obesity is a growing problem worldwide and is associated with serious health risks [1] . Obesity rises to the level of a global epidemic, and causes an increase in morbidity and mortality, both in adults and in children [2] . The role of obesity as a risk factor for atherosclerosis, dyslipidemia, diabetes, arterial hypertension, cardiovascular disease, stroke, gallstone disease, osteoarthritis, some cancers (breast, ovary, endometrium, large intestine), as well as infertility has been proved [3] [4] . There is currently no doubt that obesity is a risk factor for both maternal and perinatal deaths. Obesity is also a major risk factor for serious pregnancy complications: gestational diabetes, preeclampsia, premature rupture of membranes, fetal growth restriction, asphyxia, shoulder dystocia and the worrying increased numbers of cesarean sections [5] .
Obese pregnant women have also a higher risk of fetal death, newborn asphyxia and early neonatal death. The offspring of obese women has a higher incidence of certain malformations, macrosomia, malnutrition, cerebral palsy, epilepsy, and neuropsychic developmental disorders [5] [6] [7] .
There is growing evidence that obesity can develop in utero. For example, Sellayah D. [8] showed that mother's obesity contributes to an increase in the size of adipocytes in their offspring, but no increase in the number of adipocytes has been reported. A systematic review by Brown T. et al. [9] , comprising 153 randomized clinical trials, showed that, for the prevention of obesity in children aged from 0 to 5 years, a combination of dietary interventions and physical activity are effective interventions, physical exercises have huge health advantages in children.
There is substantial evidence that obesity also affects reproductive potentials of women especially in those with PCOS resulting in infertility [10] . Many patients with PCOS demonstrate insulin resistance (IR), accompanied by compensatory hyperinsulinemia [11] [12] [13] [14] . In fact, insulin possesses true gonadotrophic function and an increased in insulin availability at the level of ovarian tissue may enhance excess androgen synthesis. Obesity, particularly the abdominal phenotype, may be partly responsible for insulin resistance and associated hyperinsulinemia in women with PCOS. Therefore, obesity-related hyperinsulinemia may play a key role in favoring hyperandrogenism [15] and increases the incidence of endometrial hyperplasia especially in women with oligomenorrhea and endometrial thickness > 9 mm [16] . Furthermore, insulin resistance is present not only in obese but also in non-obese women with PCOS. However, IR in non-obese women occurs in less frequency; Legro et al. [17] reported a higher Open Journal of Obstetrics and Gynecology prevalence of insulin resistance in obese (64%) than in non-obese (20%) women with PCOS.
Weight loss during pregnancy planning is an important intervention, both to address fertility issues and to prevent adverse maternal and perinatal outcomes, as well as to prevent metabolic and cardiovascular disease in the offspring of these women [1] [5] [18] . So, at present, an adequate diet and physical activity before and during pregnancy, as well as control of gestational weight gain and glucose level are considered mandatory procedures to reduce the risk of obesity in offspring [19] .
Both medication [19] [20] [21] and the surgical approach can be effective in planning pregnancy for patients with obesity, especially with morbid obesity [22] [23] . However, the first basic measure for correcting body weight as part of pre-conceptional care is to prescribe a balanced hypocaloric diet in combination with exercise and correction of eating behavior using behavioral therapy [1] [5] .
The aim of this study was to evaluate the dynamics of anthropometric, hormonal and metabolic parameters in infertile obese women with a balanced hypocaloric diet.
Materials and Methods
A prospective, interventional study was conducted at the M.A. Podgorbunsky Kemerovo City Clinical Hospital No. 3 in the city of Kemerovo-Russian Federation. The study design was approved by the Ethics Committee of the Kemerovo State Medical Academy. Informed consent was obtained from all individual participants included in the study. The study initially included 23 patients. Criteria for inclusion in the study: reproductive age (18 -45 years), the presence of gluteofemoral obesity of the first degree (BMI 30 -34.9 kg/m 2 ), anovulatory type of infertility. Exclusion criteria: age less than 18 and older than 45 years, other infertility factors (tubal, male and immunological factors), BMI less than 30 kg/m 2 and more than 34.9 kg/m 2 , organic damage to the hypothalamic-pituitary region, adrenal glands (according to magnetic resonance imaging, computed tomography). Blood samples were taken from all participants after 12 -14 hours fasting to determine the lipid profile and other hormonal levels before intervention and after 12 months.
All patients were prescribed balanced hypocaloric nutrition (1200 kcal/day) with physiological nutrient content: carbohydrates-50%, proteins-20%, fats-30% and fiber daily consumption of 30 -40 g in dry form (grain and vegetables). Calorie distribution: breakfast-40%, lunch-40%, dinner-20%. If necessary, 2 -3 additional meals were allowed. Physical exercises: walking 1 -2 hours a day at a speed of 120 steps per minute. Behavioral therapy to correct eating disorders: diary of food and lifestyle, motivational phone calls every week.
Before and 12 months after inclusion in the study, all patients underwent a standard survey with filling out a statistical map, a general clinical examination, an anthropometric examination: measuring height, body weight, waist circumference (WC) and hip circumference (HC). Body mass index (BMI) was calcu-Open Journal of Obstetrics and Gynecology lated by the formula: BMI = body weight (kg)/height (m 2 ). The severity of obesity was determined in accordance with the recommendations of WHO [24] . national Bio-Analytic Industries (USA). Total cholesterol was evaluated in the cleavage and oxidation reactions (using the peroxidase/phenol/n-amino-antipyrine system), triglycerides were determined after enzymatic hydrolysis with an enzymatic colorimetric test, and HDL-C using the precipitation method. Low-density lipoprotein cholesterol (LDL-C) and atherogenic index of plasma (AIP) were determined by the calculation method according to A. N. Klimov [25] .
Hormonal studies were performed by enzyme-linked immunosorbent assay using standard kits Alkor Bio (Russia), Diagnostic system laboratories (DSL) (USA) in accordance with the instructions attached to the kits. The levels of luteinizing hormone (LH), follicle-stimulating hormone (FSH), prolactin (PRL), estrone (E 1 ), estradiol (E 2 ), and serum testosterone were studied on days 5 -6 of the menstrual cycle, progesterone levels were evaluated on days 21 -22 of the menstrual cycle. Determination of the content of leptin, immune-reactive insulin (IRI) was carried out regardless of the phases of the menstrual cycle. A small mathematical model of glucose homeostasis (Homeostasis Model Assessment-HOMA) was used to assess the degree of insulin resistance. The study of calorie and nutritional balance was carried out using a nutrition diary with daily self-control and doctor's control, initially after 2 weeks, and then every month.
Statistical Analysis
Statistical processing of the results was carried out using the application package Excel 2000, Statistica 6.0. For each feature in the compared groups, the arithmetic mean value (M) and the mean square deviation of the samples (σ) were determined. The distribution of parameters in the groups was visualized using the corresponding frequency histograms. The hypothesis of equality of general means in the two compared groups was tested using the nonparametric Mann-Whitney U-test for independent samples. When comparing indicators in three or more independent groups, analysis of variance was used analysis of variance (non-parametric Kruskal-Wallis method) followed by pairwise posterior comparison of groups. To assess the significance of changes in symptoms in patients during treatment, the Wilcoxon W-test was used for dependent samples. Comparison of the general fractions (frequencies) was carried out using analysis of contingency tables (according to the χ 2 criterion). The study of the relationship between quantitative traits was carried out using the Spearman rank correlation coefficient (r). As a method of mathematical modeling, cluster analysis was used to search for unknown patterns of relationship of signs. The study of the relationship between quantitative traits was carried out using the Spearman rank correlation coefficient (r). As a method of mathematical modeling, cluster analysis was used to search for unknown patterns of relationship of signs. The significance of the parameters in the distribution of cases (observations) by groups was evaluated using the Fisher F-test. The null hypothesis was rejected in all cases at a critical significance level of p < 0.05.
Results
Twenty (87%) of the 23 women included in the study completed the treatment protocol. 3 patients dropped out of the study due to non-compliance with the diet regimen. These patients required the appointment of additional drug therapy. A decrease in body weight from 4 to 24 kg was found in all patients who completed the protocol by an average of 10.58 ± 5.70 kg (p < 0.001). The dynamics of the main anthropometric indicators in the examined patients, against the background of diet therapy, are presented in Table 1 .
The results of the study also showed that in study participants, against the background of diet therapy, there was a statistically significant decrease in BMI from 32.53 ± 1.40 to 28.55 ± 2.50 (p < 0.001). Waist circumference (WC) for 12 months of diet therapy decreased on average by 9 cm, from 94.18 ± 7.15 cm to 85.05 ± 8.86 cm (p < 0.001), Hip circumference HC (cm) also decreased from 114.90 ± 4.99 to 106.85 ± 5.61, p < 0.001 in addition, the WC/HC ratio decreased from 0.82 to 0.79 (p < 0.001). A statistically significant decrease in the volume of adipose tissue was recorded both due to subcutaneous and visceral fat and other indices p < 0.001). Indicators of hormonal and metabolic status against the background of ongoing diet therapy in infertile obese women are presented in Table 2 .
In the dynamics when using diet therapy in infertile obese patients with a decrease in body weight, a statistically significant decrease in leptin levels of 1.8 times (p < 0.001), E 1 (p = 0.049), E 2 (p = 0.032) and an increase in progesterone content (p = 0.030), which indicates the restoration of the ovulatory menstrual cycle. There was a statistically significant decrease in fasting glycemia (p < 0.001), the insulin resistance HOMA-IR decreased by 1.3 times (p = 0.002). Normalization of the blood lipid spectrum was noted: a decrease in the level of cholesterol (p <0.001), TG (p = 0.004), LDL cholesterol (p = 0.001), and Ka (p <0.001). When included in the study, 9 (45%) patients complained of menstrual irregularities (oligomenorrhea), 12 months after treatment, menstrual irregulari-Open Journal of Obstetrics and Gynecology ties were absent in all women (p = 0.002). The biphasic ovulatory menstrual cycle recovered in all women, the desired pregnancy within a year occurred in 1 patient.
Discussion
The results of the study showed that in women with a gluteofemoral type of obesity (BMI of 30 -34.9 kg/m 2 ), without pronounced disorders of carbohydrate and lipid metabolism, eating disorders, lack of arterial hypertension or the presence of transient arterial hypertension, minor hormonal disorders, with the presence of menstrual irregularities in a small number of cases, diet therapy in combination with a complex of physical exercises, psychotherapy and correction of eating behavior was highly effective active and allowed most of them to reduce and maintain their weight gain for 12 months to improve metabolic and hormonal indicators, normalize menstrual function, thus improving their reproductive capabilities. Our results are consistent with other reports [26] .
The average loss of 10 kg during a 12-month period showed significant positive effect in all parameters studied. This decrease was due to the improvements in both visceral and adipose fat tissue volumes.
Our results showed that diet therapy corrected menstrual irregularities manifested as oligomenorrhea in all our participants. Central obesity is related to an increased risk of anovulation [27] . The mechanism through which weight impairs fertility is largely unknown, it has been suggested that a lower concentration of sex hormone-binding globulin (SHBG) [27] and increased androgens, insulin secretion and insulin resistance [10] may play a major role in the development of oligomenorrhea and hence infertility.
Most importantly, the intervention resulted in the improvement of both leptin, FBS and HOMA-IR which are very important aspects of PCOS-related infertility. In addition, all lipid profile indices improved specifically the LDL levels, which is a vital issue for the future risk of cardiovascular disease, highly prevalent in obese women [28] . Moreover, our results showed that atherogenic index of plasma (AIP) which is a strong marker to predict the risk of atherosclerosis and coronary heart disease [10] has improved dramatically after low caloric diet therapy and exercise.
A study by Rashad M. et al. [29] showed that serum leptin can be a valuable diagnostic marker for obesity and its concomitant diseases. In addition, the author presents evidence that significant weight loss leads to a decrease in serum leptin levels and an improvement in glycemic and lipid profiles.
Currently, there are epidemiological studies that have shown that as soon as a woman finds out about pregnancy, she should not change her lifestyle [18] . Thus, there is no doubt the need for diet therapy at the stage of pre-conceptional preparation, there are more discussions regarding methods that will improve compliance with this method of treatment. So, currently in the Netherlands, a longitudinal randomized controlled study [30] of a one-year three-component intervention in the cognitive-behavioral lifestyle in overweight/obese women Open Journal of Obstetrics and Gynecology with PCOS is being conducted. The authors of the study expect to get a more significant effect in lifestyle modification and weight loss by 5% -10% during the work of the multidisciplinary team. In our study, 87% women with grade I gluteofemoral obesity completed the protocol and demonstrated good motivation and high compliance with diet therapy, which was accompanied by adequate physical activity and behavioral therapy. Only 3 out of 23 patients required medication.
Despite the obvious evidence of the need to reduce body weight at the stage of pregnancy planning, the nature of nutrition at the preconception stage and during pregnancy in obese people is widely discussed. For example, a study by H Al Wattar B. [31] showed that a simple Mediterranean diet does not reduce the overall risk of adverse maternal and perinatal outcomes, with the exception of large weight gain during pregnancy and gestational diabetes. However, to date, not a single randomized controlled trial has demonstrated effective means of weight loss, which lead to improved pregnancy outcomes for both mother and baby. An ZCTR study is currently registered in Australia, which aims to determine the best approach to weight loss during pregnancy planning [32] The study will include 164 patients with a BMI of 30 -55 kg/m 2 . Patients will be divided into two groups: the first-patients in whom a slight decrease in body weight by 3% -5% s is planned using a moderately hypocaloric diet for 12 months, the second-patients who are planning a significant reduction in body weight by 10% -15% using a modified pronounced low-energy diet [32] .
In addition, according to van Elten TM [33] , the preconception period may be the best window of opportunity for improving lifestyle in general. So in a randomized controlled trial conducted by these authors, it was shown that lifestyle changes that were at the stage of pregnancy planning in infertile women, diet, restriction of high-calorie food intake, physical activity persisted after 5.5 years (range = 3.7 -7.0 years) after the intervention. In a study by Wekker V. et al. [34] , two RCTs were analyzed, where women were also observed after changing their lifestyle in the preconception period. Women who successfully lost weight during preconception training had better cardio-metabolic health after 6 years, which once again emphasizes the potential for improving lifestyle before conception.
One of the main weaknesses of this study is the relatively small number of participants. However, the main strengths are the fact that it is one of few papers that combined low fat diet and exercise to maximize the final effect and compressively explored biometric and hormonal dynamics before and after intervention.
In conclusion, the implementation of balanced hypocaloric diet for 12 months in infertile women with gluteofemoral obesity of the first degree contributes to the normalization of metabolic processes, weight loss and, in 100% of cases, the restoration of the ovulatory menstrual cycle and should be recommended to all women with infertility and obesity. N. V. Artymuk et al.
